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on the preparation of segmented block polymers prepared via a Wittig condensation

of conductive poly(p-phenylene pentadienylene) oligomers and linear alkanes. It is
felt that preparation of segmented block polymers will result in conductive materials
with good mechanical properties providing phase morphology and size can be controlled.
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WITTIG SYNTHESIS OF CONDUCTIVE SEGMENTED
BLOCK POLYMER COMPOSITIONS

P.J. Hans and B. Gordoa 111
Dcpartment of Maicrials Scicnce and Engincering
Polymer Scicace Program
The Pennsylvania State University
University Park, PA 16802

Conducting polymers such as polyacctylcnc and polyparaphenylenc
have been shown to have clectrical conductivities which vary from the
insulator to semiconductor and metallic regimes upon doping with clectron
acceplor or donor molecules, such as AsFs and Na respectively.
Unfostunatcly these matcrials arce plagucd by undcesirable propertics such as
oxidative instability (in the casc of polyacctylenc) and intraciability or
infusibility. Rescarchers have attempted improvements of the physical
propertics and environmental stability of polyacctylene by blending with
clastomers | 1-3, (3a, 13b), preparing composites with polycthylenc film by
insitu polymerizations {4,5, 13c), and synthesizing block [6,7] and graft
[15) copolymers. Somc cnhancements of the physical propertics of the
malcrials (cg. mechanical behavior, solubility behavior) compared to
polyacetylenc were gencrally observed. Elcctrical conductivities were
gencrally less than for pure polyacctylene although stretching blend films
was obscrved 1o cnhance the conductivity, ofica by an order of magnitude
over the unstretched film (1, 13a).

Work in our laboratory has focused on an alternate roulc 1o n-lype
clectrically conductive polymers, namely by proton abstraction doping
(PAD) [8,9]. For cxamplc, it was shown [10,11] that Poly(p-phenyicne
pentadicnylene), 1, could be prepared via a Wittig synthesis as shown in
Figure 1.
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Here the conjugated backbone is interrupied by an isolated sp3 hybridizod
mcthylene moicty per repeat unit. This should result in increased oxidative
stability of the undoped matcrial as well as increasing the overall fexibility
of the dackbone. Subjecting ! to base (n-Buli) was shown 1o result in
abstraction of a doubly allylic methylcnc proton resulting in a charge
delocalized sysiem (carbunion) and obscrved conductivitics on the order of
101 (Q-cm)- 1.

Whilc the inclusion of a methyleac unit adds flexibility to the
undoped material, doping 10 the carbanion form would result in sp2
hybridization and hence 3 stiffer chain. 1t was, therefore, felt that chain
cxicnding the conductive poly(p-phenylenc peniadienylenc) scgments with

flexible groups would allow us to prepare conductive materials with good 1o
excellent mechanical propentics. We will report on the synthesis and
characicrization of scgmented block polymers, structure 2, prepared via a
Wittig routc from oligomers of 1 and lincar alkancs, as shown in Figurc 2.
The results of NMR and IR spectral analysis will be presented along with
room icmperature d.c. clectrical conductivity data (as determined by direct
resistance and four probe measurcments).

Br Br -
+* *
—mbr— = =
Ph 3 P—CH 2.)'.‘.5”‘ ey Ph,P= CH (CH, )nCH PPh,

1
THF
{sawﬁm},,cn
r3
2
Eeurc 2,

Two comments can be made about this approach. Gouricy ct al., [14]
studying poly(p-phenylene vinylene) oligomers obscrved that the
conductivitics were not strongly affected by the degree of polymcerization.
This suggests that Jong conjugated chains are not nccessary for conduction.
Galvin and Wnck {4, 13c] obscrved an apparcnt percolation threshold of the
clectrical conductivity at approximately 3 weight % polyacctylenc in the
polycthylenc film composites. Aticmpts at dispersing polyacetylenc powdcr
in polycthylenc films cast from solution did not yickd high conductivitics
(upon doping) cven at loadings as high as 40 weight % polyacctylenc. This
was rationalized as being duc to a “combination of particle size and
wettability effects” [13c). Transmission clectron microscopy data of a

‘compositc samplc indicatcd irrcgularly shaped dispersed phases of

polyacctylene (on the order of 600 - 2000A) in the polycthylene matrix. On
the other hand, the films loaded with powdered polyacetylenc were " grossly
inhomogencous on a macroscopic scale.” [4) By varying the lcngths of the
conducting and soft scgmeats we hope to be ablc to conirol the phasc
morphology and phasc sizc in the block polymcrs obtaining microdoimains
of poly(p-phenylene pentadicnylenc) dispersed in the alkanc matrix,
analogous o conventional scgmenicd block polymer systems [16].

The doped form of 1, being a carbanion, is highly reactive towards
proton sourccs and oxygen and therefore would not be stable in an air
environment. Currcat work in our laboratory is aimecd at chemically
stabilizing the dclocalized carbanions [12]. The formation of scgmentcd
block polymers offers the possibility of physically stabilizing the conductive
scgments by surrounding them in a matnix of insulating scgments in a
manner somewhat analogous to work performed with polyacetylene
(1.2,

Finally, we will preseat room temperaturc d.c. conductivity data on
a scrics of low molecular weight delocalized carbanions of increasing length
of conjugation. Thesc arc shown in Figure 3 along with some preliminary
conductivity data for three of the anions measured by the dircct resistance
method. The anions were preparcd using the Lochmana's basc mixturc
[17} (equimolar amounts of potassium tcrt-butoxide and n-butyl lithium in




pentanc) as the metallating system. [t should be noted that the lincar
heptatricnyl anion readily cyclizes to the cyclohepuatricnyl anion (18] above
-30°C and thercfore could not be measurcd. The salts were washed
thoroughly with dry peatanc, dricd under vacuum (< 0.01 mm Hg) and the
clectrical conductivity was mcasured using the dircct resistance and four
probe mcthods.
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In summary, scgmenicd block polymers have been prepared via a
Wittig condensation of poly(p-Pheaylenc pentadicnylene) oligomers and
lincar alkancs and their conductivitics measurcd. 1t is felt that preparation of
scgmented block polymers will result in conductive matcrials with good
mechanical propertics providing phase morphology and size can be
controlicd. In addition, the conductivitics of a scrics of low molecular
weight delocalized carbanions have been reporicd.
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